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I. INTRODUCTION 
1. General 
Perhaps the most important and desirable mechanical property of 
structural steel, under normal loading conditions, is its ability to under-
go considerable deformation with large energy absorption before failure .. 
However, under certain conditions of stress, temperature, and geometry, it 
may fracture in a brittle manner; this type of fracture is characterized 
by a small ~ount of deformation and a corresponding small amount of energy 
absorption. During the past half century many structural failures ex-
hibiting brittle fractures have been reported in the literature. These 
failures have occurred in a variety of structures, including ships, oil 
storage tanks, pressure vessels, and bridges. However, not until World War 
II--when the failures of a large number of steel merchant sbips attracted 
public attention--did the problem of brittle fracture of steel receive the 
serious attention it deserved. 
As a result of extensive research since World War II, the pro-
bability of brittle failure in many applications today may be minimized by 
giving proper attention to such variables as type of material, geometry, 
method and sequence of fabrication, temperature, and stress level. Also, 
in selected applications, it is now possible to effectively use crack 
arrestors, which may stop the propagation of brittle fractures. In spite 
of these marked advances, a clear understanding of the brittle fracture 
mechanism is still needed for the eventual development of satisfactory de-
sign procedures. 
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2. Object and Scope of Investigation 
This report describes the initial phases of a fundamental in-
vestigation of brittle fracture mechanics. The object of the investigation, 
which began in July, 1954, is to study the propagation of brittle fractures 
in wide steel plates. Eventually, it is hopedtbat as a result of these 
studies, it will be possible to develop hypotheses which can be used to 
verify and predict the behavior of steel when it fractures in a brittle 
manner. 
The first task of the program was to decide what should be meas-
ured and in what manner it might be accomplished. After a thorough study 
of the problem, it was decided that crack speed, strain distribution, and 
redistribution in the plate while the fracture is propagating should be 
investigated. Little of the brittle fracture work reported previously has 
included the results of high-speed measurements made during the propagation 
of brittle fractures. 
The initial phase of this investigation consisted of development 
work and was a joint effort with another related program concerned with the 
evaluation of crack arrestors (Project NObs 65789). However, only that de-
velopment work which relates directly to the objectives of the fracture 
mechanics program are described in this report. 
Four items which required early consideration were (a) the method 
of crack initiation, (b) the method of specimen cooling, (c) instrumentation, 
and (d) specimen geometry. Two general methods of crack initiation were 
investigated; one involved an explosive device (the powder detonator bolt) 
and the other involved the notch-wedge-impact system, a method similar to 
that developed by other investigators. Since at the beginning of the 
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program it was decided that crushed dry ice could be used as the cooling 
agent, the development work consisted of devising containers and improving 
on the efficiency of the systems employed. The instrumentation problems, 
including the selection and development of pickups, wiring, recording in-
strumentation, data reduction, etc., required more effort than most any 
other phase in the early stages of the program. Except for the powder de~ 
tonator bolt tests which utilized relatively srrall-scale specimens, most 
of the development work was performed with flat plate specimens 3/4 in. 
thick by 2 ft. wide by 6 ft. long (clear distance between pullheads). For 
the most part, only the significant details of the development work are 
presented in this report, i.e., in general the final successful arrangement 
or method is described. However, in some cases it was felt desirable to 
describe briefly some of the unsuccessful items of development in the hopes 
that this would be of aid to investigators on related future programs. 
After the development had proceded to the point where the test 
procedure was fairly reliable, a program of tests of two foot wide spec-
imens was undertaken. The purpose of this series of tests was threefold; 
first, it was desirable to obtain measurements of the speed of crack pro-
pagation and an idea of the strain pattern in the vicinity of the running 
crack and at other selected points; second, to check on the consistency of 
these data, it seemed desirable to make a series of duplicate tests; and 
third, all of the aforementioned objectives, along with the continued de-
velopment, were directed toward the planning of the tests of six foot wide 
plate specimens. Part III of this report contains a description of the 
tests of the two foot wide specimens and the resulting data. 
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3. Brief Review of Published Work 
The first wide-plate tests conducted at the University of Illinois 
involved static tests of internally notched steel plates of various widths 
(1)*. The present University of Illinois program involves tests of wide 
plates which are instrumented to obtain measurements of crack speed and 
strain response as the crack propagates. The fracture is initiated from 
edge notches by means of a wedge and external impact. In addition to the 
material presented herein, some of the other work accomplished as a part of 
this program is reported in References (2) and (3). 
The method of testing used in the present program is similar to 
that used by Robertson (4) in England, and Feely and associates (5,6) in the 
United States. Other experimental work which is related directly or in-
directly to the work reported herein, is presented in References (7) through 
(13). Theoretical aspects of the brittle fracture mechanics problem are 
presented in References (12) through (15). Of particular interest with re-
spect to the speed measurements which were made as a part of this investiga-
tion, is the paper by Roberts and Wells (13), which presents a summary of 
brittle fracture speed measurements in steel as reported in publications. 
The measurements were made on various types and sizes of steel specimens, 
by several different methods, and showed speeds in the range of 3370 to 
6600 fps. 
The foregoing selected references comprise only a small part of 
the available literature in the brittle fracture field. Other important 
work in this field may be traced through the extensive bibliographies con-
tained in each of the references cited. 
* Numbers in parentheses refer to items in the Bibliography. 
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II.. INITIAL DEVELOPMENT WORK 
5.. Fracture Initiation Studies 
Two general methods of fracture initiation, one employing an 
explosive and the other employing a notch, wedge and external impact, were 
investigated early in the program. Both methods involve a high rate of 
local straining) commonly recognized to be one of the factors which may 
contribute to the initiation of brittle fracture in steel. 
( a) Powder De tona tor Bolt 
Development of the powder detonator bolt was undertaken because 
it was thought that it might be possible to initiate a brittle fracture by 
exploding a charge within a sealed detonation chamber located at a stress 
raiser in the specimen. The advantages of simplicity, compactness, and 
ability to be used at any location on the specimen made this method of ini-
tiation particularly attractive. However, two of the major problems en-
countered in the development of such a device were (a) sealing the chamber 
against pressure leakage and (b) sealing the charge against condensation, 
particularly at low temperatures. 
The body of the device consisted of a high tensile bolt which 
was bored to hold black powder. The bolt was designed to fit closely in a 
notched hole in a specimen and was sealed so that the pressure from the 
blast would emit from orifices in the bolt shank and produce a pressure 
impulse in the stress raiser. Black powder was used as the explosive 
medium; although black powder does not have the burning speed of smokeless 
powder, it reaches a ceiling pressure of about 20,000 psi after which burn-
ing ceases. It is estimated that the maximum pressure is obtained in four 
to five milliseconds when the finest (FFFg) commercially available grain 
size of powder is used. The explosive was detonated electrically with a 
model airplane type glow plug packed with a finely ground black powder 
dust. The priming mechanism required a pressure valve between the main 
charge and the glow plug to prevent blowout of the glow plug. 
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The most serious problem encountered in the development of the 
detona.tor bolt was that of sealing against pressure leakage at the bolt-~ 
plate junction. Recesses were machined to receive solder sealing gaskets 
which were held in place by the shoulder of the bolt. This method of seal-
ing wa.s satisfact~ry provided there was not excessive yielding in the 
vicinity of the hole. 
After being assembled, the bolt was kept in a desiccator until 
it was required for the test. A specimen with the powder detonator bolt in 
place is shown in Fig. 1; details of the detonator bolt are shown in Figs. 
2 and 3 .. 
In the test specimens, the detonator bolt was fitted in either a 
5/8 in. diameter drilled hole with two diametrically opposite 1/16 in. deep 
jeweler's saw-cut stress raisers transverse to the direction of applied 
stress, or a 5/8 in. diameter punched hole. In the former case, the depth 
of the sawed notches was limited by the gas sealing arrangement. The 
punched hole was tried because of the known susceptibility of sheared edges 
to brittle fracture. Details of these stress raisers are presented in 
Fig. 4. 
Because the detonator bolt device failed to initiate even one 
fracture in these exploratory tests, the results are summarized only briefly 
in Table 1. The details and dimensions of the specimens used in connection 
with the detonator bolt tests are shown in Figs. 5 and 6, with additional 
explanation presented in Table 1. The 12-in. wide specimens were welded to 
pull plates for testing. The material was a rimmed steel (Steel E, Plates 
16-1 and 17-A) having yield and maximum strength values of about 31 and 63 
ksi respectively, and a Charpy V-notch 20 ft,lb value of about +70 deg. F. 
The check analyses and mechanical properties uf the steel are summarized in 
Tables 2 and 3, and in Fig. 10. 
As noted in Table 1, the detonator bolt was tried with each size 
of specimen and with each type of stress raiser. At the time the detonatoT 
device was fired, the static stress on the net section of the specimens was 
in the range of 30,000 to 35,800 psi and the temperature was in the range 
of +5 to +20 deg. F. There was no sign of fracture initiation in any of 
the tests. Unburned powder in the bolt in many of the tests indicated that 
the maximum pressure had been obtained. The detonation generally pro-
duced extensive yield patterns in the vicinity of the stress raisers; 
these could be seen clearly on the polished surfaces. Measurements of the 
enlargement of the diameters of the stress raiser holes are noted in Table 1 
and amounted to as much as 0.015 in. 
Test 8-DB (Table 1), a static tension test, was made to ascertain 
the approximate fracture strength of the test pieces which bad been used 
with the powder detonator bolt. The fracture originated at the punched 
hole (Fig. 8) at an average stress of 42.7 ksi. One static test (Test 9-DB, 
Fig. 7) of an eccentrically loaded specimen having a semicircular punched 
notch as a stress raiser, was made to investigate any possible stress cor-
relation with the previous tests. After considerable yielding the specimen 
failed at an average net stress only slightly higher (44.9 ksi) than that 
found in Test 8-DB noted above. The fractured specimen is shown in Fig. 9. 
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Several additional tests (Tests 6-DB and 7-DB) of the l2v-in~ 
specimens were made using the detonator bolt as a static pressuring device. 
With an average net stress of 30,000 pSi, and applying an additional by-
draulic pressure of 33,000 psi to the bolt, the only visible results were 
an enlargement of the hole and extensive yield patterns on the polished 
surface. 
Although the exact reason for the failure of the detonator bolt 
device to initiate any fractures is not precisely known, one possible 
reason is that the amount and rate of loading resulting from the explosion 
may not have been quite high enough. As a result of the above tests, the 
detonator bolt scheme of initiating fractures was dropped from further con-
sideration as a part of this program. 
(b) Notch-Wedge-Impact Method 
The second method of fracture initiation, hereafter called the 
notch-wedge-impact method, bas been used in various forms for fracture 
initiation since the beginning of the program. To supply the external 
impact, a gas-operated piston device capable of producing up to 3000 ft 
~ 
lb of external energy was developed. The details of this device are 
presented in Figs. 11 and 12. Bottled commercial nitrogen gas is used 
as the pressurizing medium. The gas pressure and piston stroke can be 
altered to produce the desired energy output. The piston, mechanically 
restrained during the pressurizing and manually released at the time of 
firing, drives a wedge into a prepared saw-cut notch in the edge of the 
plate specimen. To' absorb the reaction of the piston device during 
acceleration of the piston, the device is tied to a weight (approxi-
mately 120 Ib) which bears against the far side of the specimen 
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on the notch line. The term Unotch line" refers to an imaginary horizontal 
line connecting the notches on opposite edges of the specimen. 
The apparatus which supports the impact device and reaction 
weight is attached to the top pull head and thus is semi-isolated from the 
specimen. The apparatus is tied back to the columns of the machine with 
wires to minimize the movement of the system when the firing latch is 
tripped. 
A summary of the early development tests of two foot wide plane 
plate specimens is presented in Table 4. The original testing arrangement 
may be seen in Figs. 14, 15, and 18. These specimens were used for the de-
velopment and evaluation of the notch-wedge-impact method of fracture 
initiation, the cooling apparatus, and the support apparatus for the gun 
and weight, and for the trials of the various types of recording instru-
mentation and associated pickups. As noted earlier, there were a number of 
other tests of 2-ft wide specimens which are more directly related to the 
crack arrestor program (Project NObs 65789) and which will be reported in 
technical reports issued on that program. 
Specimen A-I was cut from a 3/4-in. plate of A-285 Firebox Grade 
C steel. The test piece was 2 ft by 6 ft in plan dimension and was welded 
to the pull heads of the 600,OOO-lb screw-type testing machine. After the 
tests of this specimen, a central 18-in. portion (which included the frac-
ture) was cut out; the remaining end pieces (welded to the pull heads) 
were used for the pull plates in future 2-ft wide tests. All subsequent 
2-ft wide specimens consisted of 3/4- x 24- x 18-in. plate inserts which 
were welded to the pull plates to give an over-all plate specimen 2 ft by 
6 ft in plan dimension. This small-scale specimen was geometrically 
11 
similar in plan dimensions to the 6-ft wide plate specimens for the later 
tests (6 ft wide by 18 ft long); in each case, the length is the clear 
distance between edges of the pull heads. All of the specimens were 
oriented with the direction of rolling parallel to the long axis of the 
specimen and perpendicular to the direction of crack initiation. The plate 
numbers of these inserts are listed in Table 4 and, with the exception of 
Specimen A-I, the check analyses and mechanical properties of the steels 
are presented in Tables 2 and 3, and Fig. 10. 
Several notch and wedge details were used in the various tests. 
In Specimen A-l a tapered circular wedg~ was driven broadside into a tapered 
hole near one edge of the plate (See Table 4, and Figs. 13 (a) and 14). The 
broadside wedging scheme was abandoned because of the torsional vibration 
which was very evident in the recorded data. Edge-on wedging was adopted 
beginning with Specimen E-l. The details of the various types of notches 
and wedges are noted in Table 4 and Fig. 13. 
As a result of the foregoing development work, the notch-wedge 
configuration shown in Fig. 13 (c) was adopted. This method of initiation 
is an outgrowth of a method used by Robertson in England (4) and is similar 
in many respects to that used by the Standard Oil Development Company in 
their tests (5,6). A theoretical impact of about 1200 ft Ib was established 
as sufficient to insure fracture initiation for the particular material and 
test conditions under consideration. 
Some of the details of the fractures resulting from the tests 
summarized in Table 4 are shown in Figs. 14, 15, 16 and 17. The term ftsub_ 
merged crackft , as used in Table 4, denotes a relatively short~ wedge-driven 
crack which propagates only a few inches but does not cleave through the 
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plate surface completely. It is characterized by a depression on the plate 
surface; this normally corresponds to a reduction in thickness of the 
plate of about 1 to 2 per cent. The internal surface of the submerged 
cracks shown in Fig. 17 were revealed by cutting out the notch region 
after the test and pulling the pieces apart statically. In this figure 
the S (South) and N (North) letters in the specimen designations refer to 
the original plate orientation. The two submerged cracks for Specimen E-3 
are from the top half of the plate as indicated in Table 4. The extent of 
penetration of the original submerged crack is indicated by arrows in the 
figure. 
In the case of Specimen E-ll, a series of residual strain measure-
ments were made along the notch line to study the effect of welding the in-
sert to the pull plates. The welding produced tensile residual strains of 
125 microinches per inch in the longitudinal direction of the specimen at 
the notch line .. 
6.. Cooling Apparatus 
Since the beginning of the program crushed dry ice bas been used 
as the cooling medium.. In the early tests the dry ice was placed in wire 
baskets, which in turn were held in trays as indicated in Fig. 15; the 
specimen was then wrapped with insulation material and cloth as shown in 
Fig. 18. Later, a much more efficient wood and screen box was prepared to 
hold the dry ice. These boxes are described in Section 9 of this report .. 
7. Speed Detectors and Recording Instrumentation 
In order to obtain a measure of the crack speed, it appeared that 
the best available method would consist of placing detectors (conducting 
strips or wires mounted perpendicular to the expected crack path) on the 
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surface of the specimen. The breaking of the detectors would be monitored 
on a recording instrument to obtain a measure of the time for the crack to 
propagate from one detector to the next. With a knowledge of the time of 
breaking and the distance between the detectors, the crack speed could be 
computed. As conductors, lamp black, fine powdered aluminum, pulverized 
charcoal, graphite, brittle copper wire, extruded bismuth wire and silver-
printed circuits were tried. stress Coat, shellac, Duco cement and several 
commercial electronic insulating substances were tried as insulation and 
gluing bases. After considerable investigation the two most promising 
types of crack speed detectors were found to be extruded bismuth wire 
(ranging from 0.006 in. to 0.012 in. in diameter) glued to charted sulphide 
paper with Duco cement, and silver-printed circuits (printed on sulphide 
paper and charred after printing). Both of these detectors were glued to 
the surface of the specimen with Duco cement. 
One of the biggest questions in connection with the use of such 
devices was the consistency of the detectors, i.e., did all the detectors 
break at the same elongation? An attempt was made to obtain some measure 
of the consistency of the detectors by gluing a number of them to steel 
beam specimens which in turn were placed in a rapid loading device avail-
able in the laboratory. This device is capable of attaining a maximum 
load of 20 kips in 2 to 3 milliseconds. One of the beam specimens with 
detectors attached is shown mounted in the pulse loading machine in Fig. 19. 
After examining the records from these tests it became apparent that slight 
eccentricities of loading, or unevenness of lOading, could cause quite a 
variation in strain at the detector. Thus, it was established that this 
was not a fair measure of the consistency of the detectors. Also, the 
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loading rate in these tests, on the order of 2 to 3 milliseconds, is con-
siderably slower than the loading rate in the brittle fracture process. 
Later in the program, Baldwin SR-4 Type A-9 strain gages (single 
wire, 6-in. gage length) were used for crack speed detectors. Although 
they are somewhat more ductile than the other detectors, it was felt that 
the ease of application and better consistency resulting from their method 
of manufacture, made their use seem more desirable. 
Early in the program a comparison of the strain response from 
several gages mounted on Specimen A-I was made with an oscillograph and an 
oscilloscope. it was observed in these exploratory tests that the oscillo-
graph did not have a frequency response great enough to provide accurate 
strain records; thereafter, oscilloscopes were used exclusively to record 
strain. In the test of SpeCimen E-ll, the strains were recorded on a 
DuMont dual-beam oscilloscope and photographed with a DuMont 35-mm. strip-
film camera running at its fastest speed (10,800 in./min.). Even at this 
speed, however, the record was too ,condensed for satisfactory reading. 
Thus, it was decided that future recording would require that the traces 
should sweep the scope face (time-Wise) and be photographed on still film. 
However, the data from the test of Specimen E-ll were of considerable 
value in that the record showed crack speeds ranging from 1600 to 2700 fps, 
the speed increaSing in magnitude as the crack progressed across the 
specimen. 
The test of Specimen E-IO resulted in a 3-in. submerged crack as 
noted in Table 4. In this test the crack broke the trigger wire and ener-
gized all of the circuits. The results of this test were interesting in 
that a strain record was obtained under test conditions but with only 
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partial fracture. The test indicated that in the immediate vicinity of 
the notch, sizeable strains could be expected; at distances relatively 
far from the crack, the strains were affected to a. minor 'extent:~:by the 
wedging force. This was the first definite indication that the notch-
wedge-impact method of fracture initiation produced a much smaller strain 
response at some distance from the notch than that corresponding to a 
complete fracture test. This same conclusion has been reached in connec-
tion with simila.r studies on 6-ft wide plates (3). 
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III.. PRELIMINARY TEST SERIES -- TWO FOOT WIDE SPECIMENS 
8.. Specimen Material and Preparation 
Lukens rimmed steel (Heat No. 16445; Laboratory designation ZlA, 
i .. e., Steel Z, Plate lA) was used for all of the specimens of the preliminary· 
series of tests.. The check analysis of this steel is presented in Table 2, 
the tensile test data are presented in Table 3, and the Charpy V-notch re-
sults are presented in Fig. 10. The V-notch in the Charpy tests was 
oriented perpendicular to the plate surface and the test bar was aligned 
parallel to the direction of rolling. This material has a Charpy V-notch 
20 ft Ib value of about +70 deg. F, which makes it a desirable material for 
the particular type of test used in this investigation. 
The ten ZlA series specimens (3/4 in. thick x 24 in. wide x 18 in. 
deep inserts) were cut from a 6 ft by 9 ft plate as shown in Fig .. 20. As 
may be noted in this figure, the direction of rolling was in line with the 
vertical axis of the specimen, i.e .. , always perpendicular to the notch line. 
All specimens were prepared with two notches, one on each edge of the 
specimen, to provide a symmetrical specimen; the notch details were de-
scribed in Section 5 (b) of this report. The one-inch notch on each edge 
of the specimen resulted in a net section 22 in. by 3/4 in. 
9. Tes t Apparatus 
The tests of this investigation were performed in a 600,OOO-lb 
screw-type testing machine. A typical test setup with all apparatus in 
place is shown in Fig .. 21. 
The brittle fracture was initiated at the notch by driving a 
tapered cold-chisel wedge (approximately 16 deg. included angle, 5 1/2 in. 
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long and weigbing lIb) into the notch by means of the gas-operated piston 
device. The specimen was cooled by crushed dry ice which was placed in the 
containers which fit against each side of the specimen. The container is 
shown mounted in place on a specimen in Fig. 21 and is shown separately in 
Fig. 22. The central portion of the box was recessed to keep the dry ice 
from contacting the instrumentation in the vicinity of the notch line. 'I·lLi.;~ 
cooling arrangement was extrememly efficient and cooled the specimens from 
room temperature to approximately 0 deg. F in about one hour. 
10. Instrumentation 
(a) General 
All specimens of this series, with the exception of Test 1, were 
instrumented in essentially the same manner and with essentially the same 
equipment. The variation between specimens occurred in the specific number 
of channels allocated to strain measurements and to crack speed measurements. 
The instrumentation and recording equipment will be discussed in general 
terms and the reader is directed to the actual records (and description 
thereof) for the specific arrangements for a given test. 
(b) Strain Gages, Speed Detectors, Triggers and Thermocouples 
Baldwin SR-4 Type A-I strain gages were used for Tests 1, 5, 6, 7 
and 8, and Baldwin SR-4 Type A-7 strain gages were used for Tests 9, 10 and 
11. Those strain gages whose response was recorded on an oscilloscope 
during the fracture propagation (as contrasted to those used only for 
static monitoring purposes) are hereafter commonly referred to as dynamic 
strain ~ages. At the time this preliminary series of tests was started, 
three types of speed detectors were being utilized. The three types were 
single wire SR-4 Type A-9 strain gages (6 in. gage length, single wire 
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silver-printed paper strips (charred), and small diameter extruded bismuth 
wire. All of these (with suitable insulation and lead attachments) were 
cemented to the specimen with a thin layer of Duco cement. As the testing 
on the various phases of the progr~ progressed, it became apparent that 
the Type A-9 strain gages were the easiest to install and seemed to pro-
vide results as consistent as the other types; begiruling with Test 9, 
Type A-9 strain gage detectors were used exclusively for speed detectors, 
while silver-printed detectors were used exclusively for triggering the in-
strumentation. Typical examples of specimens with the various types of 
instrumentation are shown in Figs. 23, 24 and 25. 
Some difficulty was experienced in obtaining reliable static 
strain readings during cooling until it was realized that an equal length 
of lead wire for each gage must be placed in the cooled region. This ap-
plied to the compensating gages as well as active strain gages. After tbe 
lead wire lengths were properly adjusted, the discrepancy in strain readings 
between those taken at room temperature and during cooling was almost neg-
ligible. 
All of the instrumentation on the specimen was covered with a 
plastiC curtain before cooling to minimize the amount of condensation 
forming on the gages and wiring, and to prevent stray pieces of dry ice 
from grounding the gages. Copper-constantan thermocouples were used to 
measure temperature and the temperature readings were recorded auto-
matically on a Micromax strip-chart recorder during the cooling process. 
( c) Recording Equipment 
At the time these specimens were tested a maximum of five channels 
of high-speed cathode-ray oscilloscope equipment was available for record-
ing; these consisted of two dual-beam cathode ray oscilloscopes (DUMont 
types 322 and 322a) which were modified to provide greater sensitivity, 
and one Tektronix type 512 oscilloscope driven by a Tektronix Model 122 
preamplifier. The recording instrumentation is shown in Fig. 26. 
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All traces were recorded photographically as a function of a 
common time base supplied from the Tektronix oscilloscope. This same 
electronic sweep generator provjded the desired blanking and intensifying 
signals to minimize fogging of the record before and after the test period~ 
The four DuMont channels were optically combined and superimposed 
on a single frame in the interests of maximum photographic definition. The 
cameras used were the DuMont 321 camera (used as a single frame camera for 
the four DuMont channels) and a 35 IDm. Exacta V (used for the Tektronix 
unit). The recording equipment is shown in block diagram form in Fig. 27. 
The DuMont 322 sensitivity was sufficient to allow about one and 
one-half inches of trace deflection for a thousand microinches per inch 
strain; the 322a sensitivity was less than this with a thousand microinches 
per inch strain deflecting the trace about one-half inch. Whenever possible 
the 322a traces were used to record the highest magnitudes or signals other 
than strains. The frequency response of both units was flat within 5 per 
cent from zero to 100 kc and down not more than 50 per cent at 300 kc. 
Since the majority of records taken were of the order of two or more milli-
seconds sweep time and the recorded Signals did not approximate step 
functions, the latter response was considered adequate. 
The frequency response of the Tektronix 512 unit operating off 
the Model 122 preamplifier was essentially limited by the characteristics 
of the preamplifier. This amplifier has a bandwidth of 0.2 cps to 40,000 
cps. care was taken to insure recording of signals whose shapes could be 
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passed within ~his band and all records were checked to insure that re-
corded rise times did not closely approach this upper limit. The sensi-
tivity of the combination was more than adequate for these tests although 
the low frequency cutoff affected the calibration procedure. 
(d) Input Circuits 
The signals fed to the recording equip~ent consisted of a sweep 
triggering pulse, strain Signals and crack detector signals. These were 
used respectively to start the recording equipment, to provide a series of 
strain signals which were recorded as strain-time curves, and to time the 
breaking of the crack detectors. In the case of the latter signal, the 
detectors open an electrical circuit as they fail and feed step voltages 
to the recording channel. The amplitudes of the steps were in the ratios 
of 1, 2, 4, 8 and 160 Thus each step of different magnitude could be iden-
tified with the particular detector to which it was connected and allowed 
positive identification of the sequence of detector failures. 
The sweep is triggered when a circuit is opened by failure of the 
trigger detector. This removes a bias signal from a triggering thyratron 
and allows it to start conducting. The .step voltage, which results from 
the initiation of conduction, is. fed into the standard circuits of the 
Tektronix 512. The thyratron was not added until about the middle of this 
series of tests. Its function is to prevent multiple sweeps on the single 
recorded frame. The multiple sweeps obscure the traces of interest and 
are triggered by chatter of the initiatjng wedge, accidental grounding of 
the trigger remnants, etc. With the thyratron in the circuit, re-iniation 
cannot occur until the thyratron is reset manually. 
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The strain gages were connected in the customary wheatstone 
bridge circuit using one active and three dummy gages. These gages were 
excited by direct current and their outputs fed to the recording channels. 
The common lead for all the bridges was grounded. Typical input circuits 
to the recording instrumentation are shown in Fig. 28. 
(e) Calibration and Measurement Procedures 
calibration of the strain measuring channels followed the 
customary procedure of shunting the gages with a resistance whose equi-
valent strain value is known. Both the active arm and the adjacent dummy 
gage were shunted successively, gi~ing a tension and a compression cali-
bration. Only one calibration value was used; other tests indicated that 
the linearity of the recording system was adequate so that within the 
limit of resolution of the record, one calibration was sufficient. The 
crack detector calibration was obtained by successively opening switches 
in series with the various detectors and recording the trace steps. These 
calibration switches -and circuits are indicated in Fig. 28. 
When the DuMont type 321 camera was used, the film was moved 
slowly past the lens as the various calibrating switches were operated. 
This resulted in a calibration record of the type shown in the lower portion 
of Fig. 29. A typical test record taken with the DuMont equipment also is 
shown in the upper portion of Fig. 29-
Because the Tektronix oscilloscope had a low frequency cutoff 
point and because the Exacta V camera did not permit operation as a strip 
film camera, a different calibration technique was used with this unit. A 
free running sweep was applied to the scope with the camera shutter open. 
The calibration resistance was then shunted across the desired gage. The 
22 
result of the above operation is that the trace remains at ft zero" until the 
resistor is connected and then steps to a value corresponding to the amount 
of the calibrating signal. This step decays exponentially and successive 
traces show this exponential decay as a darkened area on the negative. The 
actual calibration value is that distance between the zero line and the 
maximum displacement of the trace. Successive frames were used for tension 
and compression calibration. The lower and right portion .of Fig. 30 il-
lustrates the step and decay phenomenon for the Tektronix unit. The 
chopped decay actually appears as a solid band as noted in the photograph. 
A typical test record taken with the Tektronix unit also is shown in the 
upper left portion of Fig. 300 
The time axis was calibrated by putting a time signal of known 
frequency on all channels simultaneously and photographing one sweep. This 
was done immediately after the test was completed. 
All horizontal deflection plates were connected in parallel and 
were driven from a common amplifier, but individual construction of the 
various guns and deflections systems results in slight horizontal displace-
ments between the traces and in slight differences of deflection sensitivity. 
For these reasons it is necessary to calibrate all traces with a simulta-
neous signal. One phase of this operation that may be slightly questioned 
is the time lag between the actual test and the calibration of the horizon-
tal sweeps. There is a parallel questiony of course, in calibrating the 
vertical system ahead of the test period. However, the question of stability 
of gain magnitude and trace deflection was studied and considered to be 
satisfactory on the basis of a series of investigation, and by the con-
sistency of trace lengths and locations obtained from the various tests. 
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(f) Data Reduction 
The only feature of data reduction in this investigation that may 
not be standard is the method of tying the various traces together with re-
spect to time, and the significance of the time axis values. 
In general, some arbitrary point was taken along the sweep length 
and called "zero time". This mayor may not correspond to the earliest 
point on the recorded traces. Generally, the point was selected near the 
early portion of the sweep at the first peak of the time calibrating sine-
wave. This was done to provide a convenient reference point which would be 
common to all traces. The record was then reduced in the customary manner 
of reading strains against time, or of noting the times at which the de-
tectors failed~ Individual traces were read with individual calibrations 
on both the time and strain axes. The r~sult is a series of correlated 
measurements with an arbitrary n zero time". 
As a result of the foregoing procedure, a plot of the reduced data 
may show values beginning at a negative time. The earliest time noted for 
any trace (it may be before or after the arbitrarily selected "zero time") 
is some finite, but unknown, amount of time after the breaking of the sweep 
triggering wire (approximately 20 microseconds), and is a completely un-
known amount of time after the initiating wedge enters the plate. This 
time bas been tacitly assumed smallo 
In plotting the data for this report, zero time was taken as the 
earliest recorded time for all traces for a particular test; thus, the 
zero times noted are arbitrary and are not common to all tests nor are 
they related to the time at which the fractures initiate. 
24 
li.. Te st Procedure 
The steps involved in performing a test are listed below in orderv 
1. The specimen is preloaded at room temperature and the static 
strain values are recorded. 
2. Dynamic recording instrumentation is connected and checked~ 
3. Dry ice is placed in the cooling containers and cooling begin8~ 
4. About ten minutes before actual test time (as estimated from 
the cooling rate) the calibration traces are recorded; the 
specimen is loaded and static strains are recorded. 
5. The gas-operated piston device is pressurized, instrumentation 
readied, and when the desired temperature is reached the 
piston device is fired manually. 
6. After the test, the time calibrations are recorded and all 
strain gages are checked statically (while cold, and after 
the specimen has warmed to room temperature). 
12. Results and Interpretation of Tests 
(a) General 
A summary of this preliminary series of tests is presented in 
Table 5.. The final test made as a part of the initial development work is 
listed as Test 1 (Specimen E-18) in this table. It is included with this 
series of preliminary tests because an excellent record was obtained, and 
because it was essentially the basis for the ZlA series of tests reported 
herein. 
After completion of the development work it seemed desirable to 
run a series of tests of 2-ft wide specimens.. There were three main reasons 
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for this series; first, it was desirable to obtain additional measurements 
of the speed of crack propagation and of the strain pattern at selected 
points; second, it was desirable to check on the consistency of the data 
by running several duplicate tests; and third, it was necessary to further 
the development of various items in preparation for the testing of 6-ft 
wide plate specimens. 
As indicated in Table 5, the tests of this particular phase of 
the program were divided into three groups. The first group (Tests 2, 3 
and 4) was run to investigate the fracture characteristics of the particular 
steel stock. The results indicated that brittle fractures could be ex-
pected to propagate consistently at an average net stress of 18,000 pSi, a 
temperature of about 0 deg. F, and with a 1200 ft Ib external impact for 
fracture initiation. These stress, impact, and approximate temperature 
values were used for all of the tests of the second and third groups, the 
only variable then being the instrumentation. 
In general, all of the second group of specimen£' (Tests 5, 6, 7, 
and 8) were instrumented in an identical manner, and all of the third group 
of specimens (Tests 9, 10 and 11) were likewise instrumented in an iden-
tical manner. Exceptions resulted when an additional channel of instrumen-
tation became available and when certain gages failed at the last moment. 
The scaled record, instrumentation layout, and position of the 
fracture for each of the instrumented specimens are presented in Figs. 32 
through 39. In these figures, the nomenclature should be self explanatory, 
with perhaps the exception of Y ,which is the vertical distance from 
c-g 
the crack to the gage. All strain diagrams are plotted beginning at the 
initial test-load strain; thus, the strains as shown may be considered 
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to be absolute values. The test-load strain values were obtained for each 
particular gage during the static pre loading at room temperature. The crack 
speeds computed from the detectors are tabulated in Table 6. 
Of the seven instrumented specimens, only four provided completely 
satisfactory records. However, considering the stage of development of the 
work, tests, and instrumentation, this was believed to be a very encourag-
ing situation. 
(b) Test 1 (Specimen E-18) 
Specimen E-18 was tested at an average net stress of 25,000 pSi, 
a temperature of +13 deg. F, and with an external impact of 1200 ft Ib for 
fracture initiation. A print of the actual test record is shown in Fig. 31, 
and the scaled record, instrumentation layout, and position of fracture are 
presented in Fig. 32. The speed detectors indicated crack speeds of 2400 
to 4200 fps, as noted in Table 6. The two vertically oriented strain gages 
(Fig. 32) showed absolute peak strains of about +1750 and +2500 microinches 
per inch respectively, followed by a rapid drop to absolute zero. No 
measurable permanent set in the strains was evident. 
(c) First Group (Tests 2, 3 and 4) 
The first three specimens of the ZlA series were tested without 
any instrumentation. The purpose of the tests was to find that combina-
tion of stress, temperature, and impact which would insure the propagation 
of the brittle fracture across the 2-ft wide plate. This group of tests 
was necessary since plates from this particular heat of steel had not been 
used previously. 
It appeared desirable (on the basis of previous work) to maintain 
the impact energy for crack initiation at 1200 ft lb. The problem thus 
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was reduced to selecting the critical combination of stress and temperature 
which would provide complete fracture. The sequence of altering the stress 
and temperature can be fOllowed in Table 5. 
After the complete fracture in Test 2 at an average net stress of 
16,000 psi and a temperature of 0 deg. F, it was decided to alter only the 
stress on the next test. Test 3, at a stress of 14,000 psi, resulted in ~ 
4 1/2-in. submerged crack. This tended to bracket the stress level for 
initiation and propagation at ° deg. F. 
Test 4 was made to see if a crack would propagate at a higher 
temperature (+20 deg. F) but at the same stress as used in Test 2; the re-
sult was a l-in. submerged crack. Another test on the same insert, but on 
the opposite notch and at a higher stress, resulted in a 2-in. submerged 
crack. It appeared that complete fracture at +20 deg. F would require a 
higher stress or perhaps higher impact energy for fracture initiation. 
Thus, it was concluded that a brittle fracture could be propa-
gated consistently across the plate at an average stress of about 18,000 
psi on the net section, at a temperature of about 0 deg. F, and with an 
external impact energy of 1200 ft Ib for fracture initiation. 
(d) Second Group (Tests 5, 6, 7 and 8) 
The four specimens of this second group were instrumented with 
strain gages and speed detectors. Since only four.channels of instrumenta-
tion were available for the first three specimens, two channels were used 
for strain and two channels were used for detectors. One additional 
channel became available for Test 8 and this provided three channels for 
strain measurements. 
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Dynamic strains were recorded for two vertically oriented strain 
gages mounted at the mid-width of the plate, 1 1/2 and 6 in. above the 
notch line. The reason for mounting one dynamic strain gage above the 
other at the mid-width of the plate was to investigate the change in strain 
pattern with increasing distance from the fracture path. In Test 8 the 
additional channel of instrumentation was used for a vertically oriented 
strain gage located 18 in. from the striking edge and 1 1/2 in. above the 
notch line. 
Each specimen also had a number of strain gages which were used 
to monitor the static strain values at various locations on the plate. In 
general, after Test 5, those gages which were used for dynamic strain read-
ings bad two companion gages, one mounted along side the dynamic gage and 
the other mounted on the opposite surface of the specimen. As a part of the 
preloading operation at room temperature, all strain gages were read stati-
callyo 
Each specimen of this group had five detectors mounted on each 
sideo The detectors were mounted back to back and all five detectors on 
one side were connected into one channel of the instrumentation. The 
speed detectors for this group of tests were concentrated tOward the strik-
ing edge to check on the speed variation as the fracture progressed toward 
the center of the specimen. Generally, at least one detector was placed 
beside a dynamic strain gage to check the detector breaking time with the 
response of the strain gage. 
Although there'were five speed detectors on each side of the 
specimen mounted back to back, the detectors on each side were of a dif-
ferent type. Since the consistency of even one type of detector is 
questionable, the use of two types makes a cross-check of the advancing 
crack front difficult. Moreover, for any one type of detector it is im-
possible to state at what stage of crack development a detector breaks. 
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In some of the earlier work, it was noted that the passing of a submerged 
crack under a detector caused the detector to break. This behavior tended 
to verify that the speed detectors are relatively sensitive to the passage 
of the crack, and that the speed values obtained from the detectors were 
fairly representative of the average crack speed. This belief is further 
borne out by the fact that for the third group of tests, Seetion 12(e), the 
speeds determined from the times of peaking of the strain traces as the 
crack approached and passed .the gages approximately check the speedS com-
puted from the detectors. 
The record shown in Fig. 33 for Test 5 is incomplete because of 
an incorrect choice of sweep time. Since the one millisecond sweep time 
used for Test 1 resulted in a complete record, this same total sweep time 
was chosen for Test 5. However, for those specimens in which the fracture 
was initiated from a saw-cut notch in the region of a sheared edge (Test 5 
and Test 7), there was a time delay in the initiation. A study of the data 
for these two tests indicates that the time required to propagate the first 
1 3/4 in. beyond the first trigger is about 600 to 700 microseconds. This 
is to be compared with a corresponding value of about 150 microseconds for 
those specimens in which the crack started from a notch in interior plate 
material. The difference in fracture texture corresponding to the two types 
of initiation regions is ciscussed in Section 13. 
The strain oscillations shown in Fig. 33 are not easily explained 
unless they are the result of the initial propagation resistance mentioned 
30 
in the preceding paragraph. However, this same type of initial strain be-
havior was not apparent in the record of Test 7 (Fig. 35) which experienced 
a delay of the same magnitude as Test 5. 
In Figs. 34, 35 and 36 it will be observed that the sharp, high 
strain peaks occur for those gages nearest the fracture path. However, the 
vertically oriented strain gages mounted 6 in. above the notch line show 
strain values which increase from time zero, as contrasted to the gages 
mounted closer to the crack which show essentially a steady or decreasing 
value of strain before the fracture approaches. The upper gages (those at 
the greater distance from the notch line) peak out at a smaller strain value 
but at an earlier time. This behavior was not entirely unexpected since 
the upper gage by virtue of its position is situated such that it can per-
ceive the strain response earlier than the gage nearly in line with the 
fracture. The strain decay is most rapid for those gages near the fracture 
path and a marked time-attenuation in gage response is noted for those 
gages 6 in. from the fracture path. The strains generally return to the 
absolute zero values' after fracture. The variation in leveling-off strain 
may be caused in part by relaxation of residual strains, inelastic strain 
resulting from fracture, and stretching of the lead wires after fracture. 
The cyclic oscillations of the strains upon returning to absolute zero 
have been noted to check approximately with the natural frequency of the 
fractured half-specimen. 
In Tests 6, 7 and 8, it will be observed that the detectors along-
side the dynamic strain §ages broke at about the same time, or slightly 
later than, the time at which the strain traces peaked. 
(e) Third Group (Tests 9, 10 and 11) 
In the third group of tests attention was concentrated on the 
strain pattern in the vicinity of the fracture. The instrumentation for 
the third group was much the same as that for the second group, except for 
the changes noted below. Beginning with Test 9, SR-4, Type A-7 strain 
gages were used. The speed detectors were single wire SR-4, Type A-9 
strain gages; only one set of dete.ctors on one side of the specimen, 
distributed more or less uniformly across the width, was used. This re-
sulted in one channel of speed detectors and four channels of strain. One 
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of the latter strain channels was devoted to a strain gage oriented horizon-
tally and situated adjacent to a longitudinal gage at the mid-width of the 
plate. Photographic trouble resulted in the loss of all of the records for 
Test 9 except for one vertically oriented strain gage. Also, the data beyond 
0.59 milliseconds in Test 11 (Fig. 39) is questionable because of severe over-
lapping of the traces. 
The stress-strain diagrams for the static pre loading operation 
for Test 10 (before cooling) are presented in Fig. 40, and a similar dia-
gram for the static readings during the cooling process is presented in 
Fig. 41.~he position of the static strain gages is shown in Fig. 38. In 
general the "before coolingll and "while coolinglf values show reasonAbly 
close agreement. The difference in strains may be due in part to the small 
differences in the length of the lead wires, as noted in Section 10 (b). 
Also, residual strains relieved by the loading process may have caused part 
of the discrepancies. 
Since all of the vertically oriented dynamic strain gages are 
near the crack path, the records show relatively sharp strain peaks. In 
these particular tests, vertically oriented strain gages at essentially a 
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constant distance from the crack path exhibit strain peaks which increase 
in magnitude as the gage position from the starting edge becomes greater. 
Generally, it is noted that as the distance between the strain gage and 
fracture path increases (for example compare Tests 10 and ll), the strain 
peak amplitude decreases, and the pulse time increases. 
The horizontal strain gage mountedosdjacent to the longitudinal 
strain gage at the mid-width of the plate (Fig. 38) shows a somewhat 
different behavior. As the crack approaches the gage location, the hori-
zontal strain reaches a maximum, then proceeds to a sudden minimum at the 
same time the longitudinal gage reaches its maximum, proceeds to attain 
another maximum, and then exhibits cyclic oscillations. 
In Tests 9 through 11, a detector was placed near each of the 
vertically oriented dynamic strain gages to check the detector breaking 
time with the strain response. In general the detectors broke after the 
peaking of the corresponding strain gage; this is logical because the de-
tectors were on the far side of the strain gage and theoretical considera-
tions indicate that the strain gage should peak before the fracture reaches 
the gage location. Further evidence of this agreement is observed in Test 
11, where the fracture path is further away from the gage locations, and 
the time differences are greater. 
In general there does not appear to be any correlation of perman-
nent set in the strain readings with distance of the gage from the fracture 
surface. For example, for this series of tests, the strain residuals 
ranged from +200 to -100 microinches per in. 
A typical temperature-time relationship for Test 9 is shown in 
Fig. 42. The uniformity of the cooling is apparent from the temperature 
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values recorded in the figure. The bottom portion of the curve has ~een ex-
panded in Fig. 43 to show the slight temperature rise which was observed 
immediately after fracture. This rise in temperature is very likely a 
function of fracture and the fact that the curve starts to drop again is 
merely indicative of the fact that the cooling tanks are against the specj.-
men and are therefore still cooling immediately after the test. However, 
thermocouple No. 4 which was 6 in. from the fracture also showed the same 
increase in temperature which suggests that the change may have been caused 
by some other factor. 
A comparison of the various records in each of the groups reported 
herein shows that in general consistent records are obtained for similar 
test conditions and instrumentation locations. This statement is partic-
ularly true for the strain traces if the position of the gage with reference 
to the fracture is taken into consideration. For the first few tests, the 
crack speeds (Table 6) exhibit a tendency to increase with crack length; 
in the later tests the crack speeds exhibit a tendency to attain a plateau 
after the first six to twelve inches of crack travel. The variations in 
crack speeds may be due in part to differences in breaking properties of 
the detectors as noted in Sections 7 and lO(b); also, later studies (3) 
indicate that a discontinuous surface fracture may account for some of the 
detector and strain gage anomalies which have been noted. 
13. Crack Path and Texture of Fracture Surfaces 
Photographs of the plate fractures are presented in Figs. 44 
through 52. In these figures a string is stretched along the notch line to 
help outline the path of the fracture with respect to the notch line. No 
preference for the crack to go above or below the notch-line was noted. The 
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secondary cracks which often started from the notch cut at the far edge 
can be clearly observed in the photographs. Generally, the secondary crack 
joined the main fracture and resulted in a detached piece of plate mate-
rial. It is believed that these secondary cracks may be the result of the 
localized high tension, and other factors, occurring toward the end of the 
test. Various views of the detached pieces resultirig from the secondary 
cracking are shown in Fig. 53. 
The texture of the fractures may be noted in Figs. 44 through 52c 
The shear lip associated with all of these fractures was very small and 
almost imperceptible. In a careful examination of the fractures it was 
noted that portions of the surface exhibited a coarse texture while other 
portions were fine. It was thought that there might be a correlation of 
this texture with the crack speed. However, upon further study it was 
found that, in general, no correlation of the texture with the speed was 
evident. In Tests 2, 5 and 7, in which the fracture was initiated from a 
notch in the region of a sheared edge, the first several inches of the frac-
ture surface bad a coarse appearance. This may be seen in Figs. 45, 46 
and 48. An enlarged view of this tough region is shown in Fig. 54 along 
with a view of the initiation region near a flame cut edge; in the latter 
case, none of the fractures exhibited the tough appearance. This interest-
ing observation may perhaps be visualized more eaSily by referring to Fig. 
20, which shows the layout of the specimens on the original plate. The 
starting edge of Specimen ZlA8 and Specimen Zlft~O was located about 1/2 
in. in from the sheared edge of the original plate (about 1/2 in. of the 
original sheared edge was burned off) and as a result did not exhibit the 
above noted behavior. 
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The object of this program is to study the propagation of brittle 
fractures in wide steel plates. This report describes the early develop-
ment work on the progr.am and the subsequent preliminary series of tests of 
two foot wide plate specimens. 
Initially, two methods of fracture initiation were investigated, 
the powder detonator bolt which involved the use of an explosive, and the 
notch-wedge-impact method. Although attractive for several reasons, the 
detonator bolt method failed to initiate any fractures and thus was dropped 
from further consideration. As a result, the notch-wedge-impact method of 
fracture initiation bas been used for all plate tests in this program to 
date. Other development work, involving the method of specimen cooling, 
instrumentation, and details of specimen geometry, are described also. 
When the development work had progressed to a satisfactory stage, 
a series of tests of two foot wide specimens was made. The tests involved 
the surface measurement of crack speed and strain pattern while the fracture 
was propagating. The results of the tests may be summarized as follows: 
1. Crack speeds ranging from 1150 to 5900 fps were recorded. 
2. Absolute peak elastic strains as high as 2500 microinches per 
inch have been recorded in the vicinity of the fracture. 
3. ,For vertically oriented dyP~mic strain gages, as the distance 
from the fracture to the gage increases, tbe magnitude of 
the peak strain decreases, and the pulse time increases. 
4. No correlation of crack speed with texture was noted. 
5. A sizable delay in the time necessary to start full propa-
gation was noted for cracks initiated in the vicinity of a 
sheared edge. 
A comparison of the records from each group of tests indicates 
that within reason, consistent records were obtained at similar instrument 
locations under compar.able test conditioDSo 
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Test No. 
TABLE 1 SUMMARY OF PRINCIPAL TESTS INVOLVING THE POWDER DETONATOR BOLT 
Machine 
Load 
(kips) 
Average Stress 
on Net Section 
(ksi) 
Temp. 
(oF) 
Purpose of Test Results 
All of the following nine tests were conducted on E steel specimens from plates 16-1 or 17-A. 
The dimensions of the following tlITee specimens were 3/4- x 2 1/2- x 24-ino (See Figs. 1 and 5). stress 
raisers for the first test consisted of a 5/8 ino drilled hole with two 1/16 in. long jeweler's saw-cuts 
normal to the specimen axis (See Fig. 4). 
I-DB 
Fig. 4). 
2-DB 
3-DB 
44.0 33.5 +12 To determine the effect of 
the explosive load under 
the stated test conditions. 
Highly developed slip 
line pattern in vicinity 
of hole but no indication 
of fracture. 
Stress raisers for the following two tests consist of a 5/8-in. diameter punched hole (See 
42.0 30 .. 0 +5 
50.5 35.8 +20 
Same as test I-DB 
Same as test I-DB, except 
at higher stress. 
No evidence of slip lines, 
enlargement of hole, or 
fracture. Unburned powder 
showed pressure reached 
ceiling value. 
No evidence of sltp lines 
or fracture. Diameter of 
hole enlarged 0.005 in. 
in direction of specimen 
axis .. 
In tests 4 through 8 the specimens are 12-in. wide (See Fig. 6). stress raisers for the 
following group of tests are one 5/8-in. drilled hole with jeweler's saw-cuts and one 5/8-in. diameter 
punched hole. In test 4-DB the insert plate was 12 in. long. The succeeding three tests (5-DB, 6-DB and 
7-DB) were all made on the same insert specimen (9 in. in length)~ 
\.}I 
\!) 
"Test Noo 
4-DB 
5-DB 
Machine 
Load 
(kips) 
24200 
24200 
Average Stress 
on Net Section 
(ksi) 
3000 
30.0 
TABLE 1 
Temp 
(oF) 
+10 
+10 
(Continued) 
Purpose of Test 
To attempt initiation of 
a brittle fracture with 
the detonator bolt, in a 
12-ino wide plate. 
To check yield pattern 
in a l2-ino wide speci-
men due to static axial 
tension only. Detonator 
Bolt was not firedo 
Results 
No fractureo Heavy yield 
patterns 0 Average diameter 
enlargement of 0.007 ino 
for punched hole and 00015 
in~ for drilled hole. 
Very small yield pattern 
caused by axial tension 
alone 0 
In the next two tests the bolt was used with a hydraulic pump as a static pressurizing device. 
6-DB 242.0 .30.0 
7-DB 300.0 57.2 
8-DB 344.9 11-2.7 
(at failure) (at failure) 
I":" l ~ ·l.t i ... A ""-1.4 AA \.oJ 
+60 
+60 
-2 
To determine the effect 
of hydraulic pressuriz-
ing of a drilled stress 
raiser. 
To attempt to initiate 
a brittle fracture by 
hydraulic pressurizing 
at a higher stress than 
used in Test 6-DB. 
To determine nominal 
breaking stress of a 
specimen subjected to 
static load, alone. De-
tonator bolt was not 
used. 
Bolt seals broke at a hy-
draulic pressure of 33,000 
psi. 
No evidence of fractureo 
Bolt seals broke at a hy-
draulic pressure of 22,000 
psi. 
Complete brittle fracture 
initiated in punched hole 
after considerable yield-
ing (See Fig. 8). 
A'I''I''~'I'1rVn.~~I\nJT' ";...;;Ill-.-:JU;..",.,11!'lrlIJld 1 i~ .. 1 
..p-
o 
Test No. Machine 
Load 
(kips) 
Average Stress 
on Net Section 
(ksi) 
TABLE I 
Temp .. 
(oF) 
(Continued) 
Purpose of Test Results 
The following specimen was 9 in. x 3/4 in. at the net section (See Fig. 7). Stress raiser 
is one punched semi-circular hole (5/8 ino diameter) on edge of specimen. Specimen was eccentrically 
loaded. Detonator bolt was not used. 
9-DB 292 .. 7 4409 -5 at Eccentrj~ tension te8t Complete brittle fracture 
(at failure) stress to investigate possible after considerable yield-
raiser. 
-10 at stress correlation with ing (See Fig. 9). 
far side. previous test .. 
t 
Material 
(Plate NO.) 
Heat No. C 
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TABLE 2 CHECK ANALYSES OF STEEL PLATE MATERIAL 
Chemical Composition in Per Cent 
Mn P S Si CU Cr Ni Al 
Steel E 0.20 0.33 0.019 0.031 0.04 0.17 0.11 0.62 0.003 
(16-1) 
20279 
Steel E 0.21 0.34 0.019 0.030 0.01 0.18 0.12 0.19 0.003 
(17-A) 
20279 
Rimmed Steel 0.18 0.42 0.013 0.031 0.02 0.23 0.07 0.14 0.003 
(ZlA) 
16445 
Material 
(Plate NO.) 
Heat No. 
Steel E 
(16-1) 
20279 
Steel E 
(17-A) 
20279 
Rimmed Steel 
(ZlA) 
16445 
TABLE 3 TENSILE TEST DATA OF STEEL PLATE MATERIAL 
(Standard ASTM O.505-in .. diaD specimens) 
Lower Yield Maximum Per Cent Per Cent 
Strength Strength Elongation Reduction 
(ksi) (ksi) in 2-in. of Area 
(L)* 30.5 61 .. 3 60.3 35 .. 2 
(T) 29 .. 6 60·7 56 .. 3 35.2 
(L) 32 .. 0 65 .. 0 56 .. 7 35 .. 8 
(T) 31.8 64 .. 4 53.7 31.0 
(L) 34 .. 7 68 .. 1 57.6 36 .. 5 
(T) 35.2 68 .. 7 51.6 3l.2 
*(L) Average of two specimens taken parallel 'to the direction of rolling .. 
(T) Average of two specimens taken transverse to the direction of 
rolling. 
TABLE 4 SUMMARY OF DEVELOPMENT TESTS OF TWO FOOT WIDE P~IN PLATE SPECIMENS 
Specimen Steel Insert Initial Average Stress Type of Theo. Average Remarks 
Insert Material Test Load on Net Section Notch and Impact Temp. 
No. (Plate NO.) No. (kips) (ksi) Wedge * Energy (oF) 
(ft Ib) 
A-I A-285 1 135 8.6 A 675 + 8 No fracture 
Firebox 2 180 11.4 A 1100 + 2 No fracture 
Grade C 3 225 14 .. 2 A 1320 + 2 No fracture 
4 284 18.0 A 2200 -10 Complete fracture 
E-l E Steel 1 212 14.0 A-l 410 -10 No fracture 
(16-1) 2 250 16.5 A-1 410 + 2 No fracture 
E-2 E Steel 1 223 14.0 B 700 
- 9 No fracture (16-1) 2 241 15 .. 0 C 700 +26 Short submerged 
cracks to special 
slots 
3 241 15.0 C-l 700 +28 2 3/4-in. submerged 
crack 
E-3 E Steel 1 247.5 15 .. 0 C-2 700 +26 2 1/2-ino submerged 
(16-1) crack 
2 255 17.0 C-2 700 +28 7/8-in. submerged 
crack 
3 252 18.0 C-2 700 +26 Re-strike of the 
same notch as Test 2; 
slight extension of 
the submerged crack 
E-3 4 247.5 15.0 C-2 700 + 6 No fracture +" \.}J (Bottom half 5 247.5 15.0 C-2 1200 0 Complete fracture 
of original 
Specimen E-3) 
~~~--
-_ .. ........-: ... ---_ ... 
TABLE 4 ( Continued) 
Specimen Steel Insert Initial Average Stress Type of Theo. Average Remarks 
Insert Material Test Load on Net Section Notch and Impact Tempo 
No. (Plate NO.) Noo (kips) (ksi) Wedge* Energy (oF) 
(ft lb) 
E-ll E Steel 1 165 1000 C-2 50b ,.. +72 Striking test 
(17-A) No fracture 
2 165 10 .. 0 C-2 1200 IV +72 Striking test 
No fracture 
3 272 16.5 C-2 1200 +30 Complete fracture 
E-IO E Steel 1 273 16.5 C-2 1200 +39 2-in. submerged crack 
(17-A) 2 285 19·0 C-2 1200 +36 3-in. submerged crack 
* A 3 deg. tapered wedge. Details are shown in Fig. 13 (a). 
A-I Similar to wedge type A, except the notch is in the edge of the specimen. 
B Circular tapered wedge, 20 deg. included angle. Details are shown in Fig. 13 (b). 
C 7/8-in. four blade hacksaw cut followed by 1/4-in. single hacksaw cut and 1/8-in. jeweler's saw-
cut. Some special diagonal saw cuts were made above and below the slot to try concentrating the 
wedging action; this was not successful. 
C-l Same as C without the special saw cuts. 
C-2 7/8-in. four blade hacksaw cut followed by 1/16-in. single hacksaw cut and 1/16-in. jeweler's saw-
cut. The outside edge of the notch was ground to fit the tapered wedge. This notch was used in 
all subsequent tests noted in this report. Details are show"n in Fig. 13 (c) ~ 
+:-
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TABLE 5 PRELIMINARY TEST SERIES - TWO FOOT WIDE SPECIMENS 
Test 
No .. 
Specimen No .. 
and Date of 
Test 
Initial 
Load 
(kips) 
Average stress 
on Net Section 
(ksi) 
Average 
Tempo 
(oF) 
Remarks 
Tests conducted on 2··ft wide specimens of rimmed steel in the 600,000-lb Riehle testing machine .. 
The brittle fracture was initi~Lted by the notch-wedge-impact method "lith an impact of about 1200 ft lb. 
The test piece was an insert 3/4- x 18- x 24-ino welded to the 3/4-in. thick pull plates to pro-
vide a test piece. 2-ft wide x 6-ft long i.n plan dimension (exclusive of the pull heads) 0 
The notch was l-ino long and consisted of a slot four hacksaw blades wide ("'0.141-in .. ) for the 
first 7/8-ino, one blade wide ( .... 0.034-in.) for the next 1/16-in .. , and ended with a jewelerfs saw-cut 
( .... 0 .. 012-in.) 1/16-in. long. 
1 E-18 412.5 25 .. 0 13 Complete fracture. Excellent record .. 
8-11-55 
2 ZlAl 264 .. 0 16.0 -1 Complete fracture. No instrumentation. 
9-9-55 
3 ZlA2 231.0 14.0 0 Final load -- 227.9 kips. Submerged crack 
9-13-55 4.5-in. long. No instrmnentation. 
4 ZlA3 264.0 16.0 20 Final load -- 262.0 kips. Submerged crack 
9-22-55 I-in .. long .. No instrumentation. 
(two tests) 
268.0 17 .. 0 20 Final load -- 266.0 kips. Submerged crack 
2-in. long. No instrumentation. 
5 Zl.A4 297.0 18.0 1 Complete fracture. Record good for part 
10-7-55 which exists. 
6 ZlA5 297·0 18.0 0 Complete fracture. Record poor .. Instru-
10-13-55 ments. tion same as ZlAL~ f.' 
_-......f'J-......: ... ~_ 
+:-
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TABLE 5 (Continued) 
Test Specimen No. Initial Average Stress' Average Remarks 
No. and Date of Load on Net Section Temp. 
Test (kips) (ksi) (oF) 
7 zlA6 297·0 18.0 1 Complete fracture. Good record. Instru-
10-20-55 mentation same as ZlA4. 
8 ZlA7 297.0 1800 -3 Complete fracture. Retriggered record of 
10-31-55 fair quality. Essentially another dupli-
cate of Z1A4. 
9 ZlA8 297·0 18.0 -2 Complete fracture. Record lost with the 
11-10-55 exception of one strain channel. 
10 ZlA9 297.0 18 .. 0 -5 Complete fracture. Good record. Instru-
11-17-55 mentation same as ZlA8. 
11 ZlAI0 297.0 18.0 -5 Complete fracture. Retriggered record of 
11-23-55 fair quality. Essentially another dupli-
cate of ZlAB. 
~ 
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TABLE 6 CRACK SPEEDS FROM DETECTOR RECORDS 
All distances are measured along the crack path. 
Speeds are rounded off to nearest 50 fps. 
Detector Measured Time Speed Detector Measured Time Speed 
Number Distance Interval (fps) Number Distance Interval (fps) 
Between (~ - sec .. ) Between (~ .. sec.) 
Detectors Detectors 
(in. ) (in .. ) 
Test 1 (E-18) East side Test 6 (ZlA5) West side 
(Silver-printed Detectors) (Bismuth Wire Detectors) 
A 'Cl J: 
2.0 40 4150 .2 .. 36 33.2 5900 
B G 
2016 50 3600 3 .. 62 85.4 3550 
C H 
3·90 85 3800 3.53 94.1 3150 
D I 
7096 165 4000 4 .. 95 loB.3 3800 
E J 
Test 1 (E-18) west side Test 7 (ZlA6) East side (Bismuth Wire Detectors) (Silver-printed Detectors) 
F 1 .. 90 68 2350 A 2 .. 45 160 1300 
G 3 .. 96 70 4700 B 3 .. 58 140 2150 
H 4 .. 06 95 3550 c , .. 50 110 2.650 
I 4.01 80 4200 D 4 .. 95 70 5900 
J E 
Test 6 (ZlA5) East side Test 7 (ZlA6) West side 
(Silver-printed Detectors) (Bismuth Wire Detectors) 
A 2 .. 48 73.0 2850 F 2.43 180 1150 
B 
,·57 97.3 3050 G 3·55 110 2700 
C 3.46 10, .. 2 2800 H 3·54 110 2700 
D 4097 121·7 3400 I 4 .. 93 90 4550 
E J 

FIG., 1 FRACTURE I}JITIATION SPECIMEN, 3/4- x 
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FIG. 3 DETAILS OF POWDER DEroIfATOR BOLT DEVICE 
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FIG. 4 DETAILS OF STRESS RAISERS FOR DETONATOR BOLT SmIMEN 
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FIG. 5 DETAIIS OF 3/4- x 2--1/2- x 24-in. SnnIMEN FOR DETONATOR BOI!l' 
:: 
0"-
f 
~ to N 
d r-i '" Z c---
~ • ... 
....;t --0 
~ +> .. ~ {f.I l.('\ 
CI) Q) 
Z E:-i til 
H ~ 
ttl 
CD 
E-i 
'r. J 'J. /. 
P 
--@----
2" ' r- -l 
I 
1 
" 'r""'" 
., 
12" 
v 
Pull Head 
A 
D 
-----~---
f-- 2"_ 
.", r,,, ., 
" 
Pull Head 
" v 
3/4" Thick E Steel 
P = Punched 
D = Drilled 
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FIG. 7 DETAILS OF SPECIAL SPECIMEN FOR ECCENTRIC LOADING 
FIG. 8 FRACTURE n~ITIATION SPElJlMm, 3/4- x 12-ino PLATE AFTER STATIC 
TEST 8-DB -- FRACTURE INITIATED FROM PUNCHED HOLE ON LEFT 
FIG. 9 ~CENTRIC T:rnSILE SPECIMEN AFTER STATIC TEST 9-DB - FRACTURE 
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FIG II 11 GAS-OPERATED PISTON DEVICE -- AFTER FI RING 
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DuMont 
321 
Camera 
Note #1 
t----- t------t---- ___ 
Exacta 
V 
Sweep 
Amplifier 
Note #1 
I 
Ilntens1fy1ng 
i Signal ,------, 
Tektronix External 
512 I--- Sweep 
Sweep C1rcu ts Tr1a~r ~------1 Note:/l~ 00-
~-------' 
Note #2 
Fm .. 27 BLOCK DIAGRAM OF RECORDING EQUIPMENT 
OFF 
o 
3V 
DC 
~------------------_IIF OUTPUT No .. 1 
.--------------..- OUTPur No.2 
OUTPUT No. 3 
COMMON 
STRAIN CHANNELS 
Crack Detectors 
D (or interrupter A ... D) 
I 
o 
~ Calibrating Switches 
OUTPUT 
CRACK SPEED DETEDTOR CIRCUIT 
FIG., 28 INPUT CIRCUITS 
Speed Detectors 
(A, B, C, D, E) 
S train Gage 1 
Strain Gage 3 
S train Gage 4 
Time --5Ir-
Record -- Test 10 
Calibration as Recorded by DuHont Oscilloscope 
/ Speed Detectors (A, B, C, D II E) 
Strain Gage 1 
Strain Gage 3 
Strain Gage 4 
FIG e 29 TYPICAL TEST ~ORD AND CALIBRATION -- TEST 10 
Time --4-
Record of Gage 3 -- Test 9 
Tektronix Strain-Time Response 
(Calibration Svlitch closed at to) 
Time ----+0 
Calibration as Recorded on Tektronix Oscilloscope 
£.1 
Sketch of Tektronix Calibration 
FIG., 30 TYPICAL TEST RECORD AND CALIBHATION -- TEST 9 
Speed Detectors 
(F, G, HiP If J) 
Strain Gage 2 
S train Gage 1 
Speed Detec tors 
(A. B, C, D, E) 
Compression 
Stnm + 
Tension 
Time .. 
FIG@ 31 DYNAMIC STRAIN-TrnE RECORD TEST 1 
h 24" '1 I' 
I A 
-//l-;.~" Mh P:1.~~e/// /~/, ////,--/--/,/,-/, //.//. //////J--L 
+t 
3/4-in. Specilllen Fracture Path 
~ ~) (Il) © © J ~ .... -T® © ~ ifl.D (P @r I 
18"+ ,·~·-·=t·~rcd'== - ..... fP": ! ! X ::a- TEST CONDITIONS l Stress 25 ksi .....; =-Temp. +13 F Impact 1200 ft Ib 
·1 
E-18 
" 
/ ///" / '/ '// '////// A / / / // 
V 
A-7 STRAIN CAGES DETECTORS DETECTORS 
No. Orientation X Y Y Noo X No. X 
in. in. ic-g in. in. n. 
1. V +7.0 +1.25 +1.0 J. +4.0 F +2.0 
2. V +17.0 +1.25 +0.8 B +6.0 G +4.0 
C +8.0 H +8.0 
D +12.0 I +12.0 
E +20.0 J +16.0 
I II II I II 1 I 
I I 
I II II I II I I ~,®IDI ~I I I Total sweep time 
®@©% 0 -® 1.0 milliseconds 
2500 
: 
2000 
~ ii 
~ 1500 ! i I .~ I i ::i. 
L i I i I ~ .: Ini tial strain 
~ j i .. If ~ in./in. ~ 1000 ~.'.:-:::- -. 
E-< 1 • +1060 
tf.l 2 +1030 
500 
I 
i 
\ " " ..... ~ ..... --._.- -.~.~, . ....... .......... ;:-:. /'~'" 0 ... ,..., 
a 0.4 0.8 1.2 1.6 2.0 
TIME 
-
milliseconds 
FIG .. 32 SCALED REIX>RD .AIm mSTR!.JMENTATION 
-
TEST 1 
1500 
1000 
C 
" s: ..-i 
::1. 500 
I 
Z 
>-1 
;§ 
e.. 
til 
0 
-500 
o 
No. 
1. 
2. 
tL----.--.---- 24" ._---_.- _.- -...j 
I J\ 
I-in. Pull P,late //1. v J. 
T r 
'+ 3/4-in. Specimen ®I 0Fracture pa~ 
T9'?T ~ ~ ~ ~ +7 ~~ lB"LL JJ ___ +I ~j __ __ ----F=~ 
IMPACTi----' T 1---- -1----- -- ---- --_____ ,-r- X 
t ~~I_.~~~~T~ES~T~C~OnN~DInT7I~07_Nn7s:nr.s~trne7sr,s7.T.l~8n7knS~7·~~~~~ Temp. +1 F Impact 1200 ft Ib 
" A 
1..-7 STRAIN GAGES 
Orientation 
V 
V 
X 
in. 
+12.0 
+12.0 
I I 
I I 
I I 
~~ 
y 
in. 
+1.5 
+6.0 
'J ... :~.f ....... //.. , ...... ., 
.. _, .... · .... ··\t,· ® 
v 
Y 
i°-g n. 
+1.7 
+6.2 
DETECTORS DETECTORS 
No. X' No. X 
in. in. 
A +:;.0 F +:;.0 
B +5·5 G +5·5 
C +9.0 H +9.0 
D +12·5 I +12·5 
E +i7.5 J +17·5 
I 
Total sweep time 
~7 milliseoond 
Ini tal. strain 
~ in"/in .. 
1 +660 
2 +610 
0.8 1.2 1.6 
TiME - milliseoonds 
FIG. 33 SCALED ~ORD AND IdSTRUMEN'TATION - TFST 5 
2.0 
2500 
2000 
1500 
. 
.~ 1000 
~ 
~ 
oM 
::i. 
o 
500 
No. 
1. 
2. 
+ ... , =y'---------24" ---------+i'l 
I 11 
I-in. Pull flat~ 
A.-7 STRAIN GAGES 
Orientation X Y 
in. in •. 
V +12.0 +1.5 
'J +12.0 +6.0 
V 
" 
Yo-g 
in. 
+0.9 
+5.4 
DE'rECTORS DETECTORS 
No. X No. X 
in. in. 
A +3.0 F +3·0 
B +5.5 G +5.5 
C +9.0 H +9.0 
D +12.5 I +12·5 
E +17·5 J +17.5 
I I ~ I I I I I I I I I I I III I I I I I I l- I 11 I I I I I I I Total sweep time I I ' I I I I I 1 2.5 milliseconds ~ :®®© ® ® ®@® @@ 
I 
l 
.\ 
I i 
I i 
I i 
I i 
\ 
\ 
i 
\ 
i 
i 
I 
\ 
\ 
\ 
I 
\ 
\ 
I 
I 
Traces remain at essentially the 
same strain level after 1.7 
milliseconds. 
~I: t::/ ~7 ........ --'-'=.::::,~.~ .:: :.~.:> .. ~:::-::::'.~~,.~ .. ~ .. ::: ::.~"". ~ .. - - ffi 
I 2 +670 
-
o 0..4 0.8 1 .. 2 1.6 2.0 
TIME - milliseconds 
FIG. 34 SCll.m BEORD AND INSTRUMENTATION - TES'l' 6 
~ 
1500 
1000 
500 
o 
-500 
-1000 
No. 
1. 
~. 
• y I' 24"--------1'"i1 
l-;~nJ/ .M Pl~~7n. // V / '/ / /// / 
f 
f 3/4-in. Specimen ZlA6 
l (2)1 
[
Fracture .Path 
lB'~: ~,---t"l-~;~- -~-~-t---~=~~~~ f «::::. TEST CONDITIONSz Stress 18 ksi Temp. 1 F Impact 1200 ft Ib 
A-7 STRAIN GAGES 
Orlentlltlon X y 
in. in. 
V +12.0 
-tl·5 
V -t12.0 +6.0 
I I 
I I 
I I 
I I 
®® 
" ." . / " , 
v 
DETECTORS DETECTORS 
Y No. X No. X 
i°-g in. in. n. 
+1.2 A. -t3.0 F -t3·0 
+5.7 B +5.5 G +5·5 
C +9.0 H +9.0 
D +12.5 I +12.5 
E +17.5 J +17·5 
I 1 
I I I I I II I 
I I I I I II I Total I I I II II I __ 
I I I I I II I 
sweep time 
10.0 milliseconds ®®®.®D0 ® h ~ --+---+---+----i f1 
! ~ 
/" ~ 
; \ 
~ \ 
: \ .~-
'--r' '-
\ ......•.. -............ ; .................. -............. -....... . Ini tial strain 
11 in./in. 
f- 1 +520 
....... __ ..... - (l) 
~ +500 
Traoes remain at e~sentially the 
same strain level after 2 milliseconds. 
I I J I 
o 0.8 1.2 1.6 2.0 
TIME - milliseconds 
FIG. 35 
2500 
2000 
.~ 1500 
"-.~ 
::i. 
I 1000 I 
z 
H 
~ 
E-< 
tf.l 
500 
o 
-500 
• y 
~--------------_24n----------------~1 
1.-7 STRAIN GAGES 
No. Orientation 
'1. V 
2. V 
,. V 
I I I I I I I I I I I I I I 
I 
J I I I I I I I I I I I I I 
@@I®: ® 
®@©@ 
Noise due to 
retrlggering 
X Y 
in. in. 
+12.0 +1.5 
+12.0 +6.0 
+18.0 +1·5 
I I 
I I 
I I I I 
@ 
® 
,.. 
A 
y 
DETECTORS DETECTORS 
Yo-g No. X No. X 
in. in. in. 
+1·5 .A +,.0 F +,.0 
... 6.0 B +5·5 G +5·5 
+1.2 C +9.0 H +9.0 
D +12·5 I +12.5 
E +17·5 J +17·5 
I 
Total. sweep time 
3.5 m.1J.li.s econds 
-
ob~ ~ +-~~4-----~-----+-----1------r-----+-----~----~ 
-! \ 
[m ~~ strain ~ 
Trace 2 obrseured 
by retrlggerlng 
Trace 1 and 3 obscured 
-- beyond 2.0 milliseconds -
-. ~ in./in. ~\~r----....+----I----I------l-----l----+---+---j 
1 +540 . ®~ 
2 +655 \ ~ t·; 
-3 +;60 ~\--~-:tr---~~--~'~"r-----+-----1-~~-r-----r-7~~ 
\ " (\, ..... ~- \, .... 
• • •• ~ • !:. _.-:/~.' •••• ,:, ••••••• ~ •• :.- :'\, .-,.;~ •••• ' ..... , •• ~~.i ... -. .-.:!' -.::" I /~ .... "<::-<.\!"..' )( _ 
..... : ............. 
: .... 
o 0..4 0.8 1.2 1.6 2.0 
• y I 24'" I 
I A 
,):-in, ,M} l~~te /'///, y " ,'/ '/. i t J!4-in. Specim~n ~Fracture Path Zll8 
~9"""> """'=:::.. 
Ii- T 0fJ ~®Wr f J;~k~t-It~=r---~~r=--~~-'-x _~ TEST CONDITIONS: Stress 18 ksi ... ~ Temp. -2 F 1 Impact 1200 ft 1b 
T7777T7 '/ A " ///'/'" 
'( 
A-7 STRAHl GAGES DETECTORS 
No. Orientation X Y y~~ No. X in. in. in. in. 
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PIEC:ES DETACHED FROM EDGE OF SPECIMEN BY SECONDARY CRACK 
(FROH LEFT TO RIGHT, T:ESTS 2, 6, 10, 11) 
FR.OM NOTGM .t.) 
BURNED EDGE. 
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FIG. 54 TYPICAL FRACTURE INITIATION REnIONS - SHEARED EOOE 
(SmIMEN ZlA6 .... TEST 7) AND BURNED EDGE (SmIHm Z1A7 .... TEST 8) 
